This study reports the results of different staining techniques on the chromosomes of two Poecilia formosa lineages, providing evidence of two additional nucleolus organizer region (NOR) chromosomal clones in this gynogenetic fish. A comparative analysis of chromosomal clones detected in the Amazon molly, along with their frequency and distribution in different collecting sites, is also presented, and clonal heterogeneity resulting from chromosome changes is discussed.
Introduction
Poecilia formosa, the Amazon molly, is a diploid unisexual species of hybrid origin reproducing by gynogenesis. Sperm from a related bisexual species is needed to initiate development of eggs, but inheritance is strictly maternal and genotypes are replicated from one generation to the next in a clonal manner by functional apomixis (Rasch et al., 1982) .
The only detectable changes expected would be caused by mutation or somatic crossing-over. Clonal diversity in P formosa complexes has been reported by tissue graft analysis (Kallman 1962) , biochemical techniques and mating experiments (Balsano et al. 1989) , ribosomal gene analysis (Monaco et al. 1988) and DNA fingerprinting (Turner et al. 1990 ).
Chromosomal evidence for clonal differences has also been previously suggested (Sola et al. 1992a (Sola et al. , 1993b Galetti and Rasch 1993a ).
*COrrespondence: E-mail: sola@axrma.uniromal.it. This report presents the results of C-banding, silver (Ag) and fluorescent staining with chromomycm A3 (CMA3) on the chromosomes of two P formosa lineages, providing evidence for two additional NOR chromosomal clones. A survey of the chromosomal clones detected in the Amazon molly (Sola et al. 1992a (Sola et al. , 1993b Galetti & Rasch 1993a ) is also presented. In previous papers, references to the precise field collection sites were missing and, so far, a comparative chromosome classification has not been attempted. This survey provides idiograms that allowed us to summarize the number and type of the chromosomal clones detected, along with their frequency and distribution in the different collecting sites. Considering that cytogenetic data have recently shown a higher resolution than DNA fingerprinting data (Schartl et a!. 1995) in detecting genetic exchanges between bisexual and unisexual species, the state of the art on P formosa chromosomal clones may be useful for future observations on the evolutionary dynamics of such a peculiar species. 612
Materials and methods
Specimens from two different laboratory-reared lineages of I? formosa were analysed. Progenitor females were originally taken from the San Marcos River, Texas (SMC lineage) and from the Rio Grande drainage in Brownsville, Texas (RRV lineage). Table 1 summarizes field sampling data for all R formosa specimens presently and previously investigated for NORs, including those from the Rio Soto la Marina drainage (Sola et al. 1992a (Sola et al. , 1993b Galetti & Rasch 1993a) . Somatic metaphases were silver stained to identify active NORs and CMA3 stained to detect both active and inactive NORs in the chromosome complement. C-banding was performed to localize heterochromatin. All staining techniques were carried out as described previously (Galetti & Rasch 1993a, b) . 
Results
To compare the present data with those previously obtained on I? formosa specimens from the same (Sola et aL 1992a) or different drainages (Galetti & Rasch 1993a; Sola et al. 1993b ), idiograms were drawn ( Fig. 1 ) pursuing a parsimonious criterion, i.e.
to minimize the arbitrariness in classification, NOR-bearing chromosomes showing both similar size and NOR location were considered to be homologous. According to the hybrid origin of the species, in the idiograms the members of each chromosome pair were represented as being of different size.
Poecilia formosa specimens from both lineages showed the 46 subtelocentric, acrocentric karyotype typical of the species. All SMC individuals showed up to two Ag-NORs and two CMA3-positive sites (Table 2 ). Silver and CMA3 staining (Fig. 2) identified NOR locations on the short arms of chromosome la as well as on the short arms of a large-sized chromosome, numbered 4. Similar NOR numbers and locations were observed in a specimen from San
Marcos analysed previously (Sola et al. 1992a ) (Table 1) . Thus, based upon the analysis of nine specimens from the San Marcos area, one NOR chromosomal clone has been detected. This clone was named chromosomal clone 1, CC1 (Fig. la) . The RRV lineage individuals showed up to four Ag-NORs, with the exception of specimen 1230, which had a maximum of three Ag-NORs; correspondingly, eight specimens showed four CMA3-positive sites and specimen 1230 showed three ( Table 2 ).
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The four NORs were localized on three heterologous chromosomes (Fig. 3a, b) , as summarized in Fig. ic: on the short arms of chromosome la, on the short arms and on the telomeric region of the long arms of one homologue 4 and on the short arms of one member of pair 8. All NORs were found to be C-positive, including the telomeric one (Fig. 3c ).
This clone was named CC2 (Fig. ic) .
In specimen 1230, a telomeric signal on the long arms of homologue 4 was not evident after silver or CMA3 staining (data not shown); this could be caused either by a smaller, undetectable, NOR or by its absence in this specimen. Even if the quality of metaphases from this specimen was not good enough to distinguish smaller NORs in this region, the clear-cut difference in the frequency of Ag-and CMA3-positive sites between this and the remaining RRV specimens (Table 2 ) prompted us to assign specimen 1230 tentatively to a different chromosomal clone, CC3 (Fig. id) .
Seven individuals, wild-caught or laboratoryreared F1 or F2 generations (Table 1) from the same area, have been analysed previously (Sola et a!. 1992a ). Specimen UR21 showed NOR locations on the short arms of chromosome la and chromosome 4 (Fig. ib) , i.e. the same pattern as shown by San Marcos specimens; thus, we propose to consider this specimen as a component of CC1 (see also Discussion). The remaining six RRV specimens showed a NOR pattern different from those so far described: four NORs located on the short arms of chromosome la and three large and medium-sized chromosomes. Thus, these specimens can be ascribed to a different clone, CC4 (Fig. le) . This clone is also characterized by the presence of a subcentromeric CMA3-positive C-band on the long arm of chromosome la. In the RRV area, therefore, four chromosomal clones have been detected from the analysis of 16 specimens (Table 1) . These clones are identifiable because of different numbers of NORs -two, three or four -or, in the case of equal numbers of NORs (four) because of their different locations.
To complete the picture of chromosomal clones detected in the Amazon molly, idiograms of specimens studied previously (Galetti & Rasch 1993a; Sola et a!. 1993b ) from Rio Purificacion in the Soto La Marina drainage, north-eastern Mexico, are also reported in Fig. i(f-h) . CC5 (Fig. if) is the most dramatically different clone from a chromosomal point of view. It is characterized by the presence of a metacentric and a microchromosome in a 46-chromosome complement. In the only specimen investigated with such a chromosome complement, PUN1, Ag-NORs have been detected on the short arms of chromosome la and chromosome 8. In CC6 (Fig. ig) , up to four Ag-NORs have been observed, but never on chromosome 1. Thus, this clone seems to be characterized by the absence of NORs on the short arms of chromosome la. This claim is made cautiously, as this specimen was analysed by silver staining only. However, NORs of chromosome la were found to be silver-stained, i.e. active, in a very high percentage of cells in all P formosa specimens analysed -almost 100 per cent of silver-stained metaphase plates in this report and in specimens from the same area analysed previously (Galetti & Rasch 1993a), and in more than 85 per cent of the cells in specimens from San Marcos and Brownsville (Sola et a!. 1992a) . As far as CC7 (Fig. lh) is The Genetical Society of Great Britain, Heredily, 78, 612-619. concerned, specimens show similar NOR numbers and locations to clone CC3 in Brownsville. In this case, however, we did not use the most parsimonious hypothesis, considering the geographically disjunct origin of the specimens and the improbability of the mixing of animals between these localities.
Therefore, from the analysis of four specimens, three distinct chromosomal clones have been identified in the Rio Purificacion area.
Discussion
In this study, two new NOR chromosomal clones, named CC2 and CC3, were detected by Ag and CMA3 staining and C-banding in P formosa specimens from Brownsville. As far as the comparative analysis of present and previous data (Sola et a!. 1992 (Sola et a!. , 1993b Galetti & Rasch 1993a ) is concerned, it should be emphasized that, in I? formosa, as well as in all the other fish species investigated in this manner, the single chromosomes could not be identified with certainty, as chromosomes do not show the banding patterns observed in higher vertebrates (Bernardi 1993) . However, the parsimonious criterion we used allows us to state that at least seven chromosomal clones have been identified by the analysis of 29 specimens from three different drainages (Table 1) . Moreover, in the San Marcos area, the same NOR chromosomal clone, CC1, has probably been detected in specimens collected in different years (Table 1) .
Generally, when clonal divergences exist within unisexual organisms of hybrid origin, there are two possible interpretations: either multiple hybridization events or changes subsequent to the origin of unisexual species have occurred. Recent studies of mitochondrial DNA support the notion of a few hybridization events involving closely related females in the origin of unisexual P formosa (Avise et a!. 1992 ). On the other hand, clonal diversity in the Amazon molly, shown several times by histocompatibility and biochemical methods (Kallman 1962; Balsano et a!. 1989; Turner et a!. 1990 ; among others), was found to be much higher than originally thought.
Analysing the chromosomal clones identified, it is important to note that populations of fish from the Guadalupe and Rio Grande drainages share a common origin. Indeed, P formosa is not native to the San Marcos area, and Hubbs (1964) On the whole, it seems unlikely that such a high degree of chromosomal clonal diversity could depend upon multiple hybridization events. It is more likely that such clonal diversity would depend on mutations and changes subsequent to the origin of unisexual species. Considering the nature of NORs -repetitive genes associated to spacers made of repetitive DNA -it is no wonder that they can easily change and rapidly propagate in a unisexual population, owing to its gynogenetic mode of reproduction, which allows that particular cytomorph to amplify. Moreover, intraclonal polymorphism in ribosomal DNA between successive generations of one lineage has been detected (Monaco et a!. 1988 ). NORs have also been shown to be quite polymorphic in every Poecilia species studied so far, including the putative parental species of the P formosa (Sola et a!. 1990 (Sola et a!. , 1992a (Sola et a!. ,b, 1993a Galetti & Rasch 1993a,b) , so that no simple phylogenetic relationship can be evoked. The adaptive value, if any, of the high clonal heterogeneity depending on changes of NORs, as well as on changes of stretches of simple DNA sequences, detected by DNA fingerprinting, cannot easily be understood.
On the other hand, chromosome changes, such as those detected in CC5 from Rio Purificacion, are likely to represent events of adaptive and evolutionary relevance. Recent data from Schartl et a!. (1995), showing that microchromosomes in unusually pigmented P formosa offspring represent incorporation of subgenomic amounts of paternal DNA, point in this direction.
